Introduction 21
The genus Callitriche L. contains ca 75 species of terrestrial, amphibious or aquatic herbs (Lansdown, 
22
2008). For a long time they formed the only genus in the family Callitrichaceae (Cronquist, 1981) , but 23 evidence from plastid and nuclear DNA sequences indicates they are sister to another aquatic genus,
24
Hippuris, and are better assigned to the Plantaginaceae (=Veronicaceae), in tribe Callitricheae
25
Dumort. (Tank et al., 2006) . The flowers are unisexual and reduced, lacking a perianth, and are 26 located in the axils of the distal cauline leaves. Depending on species, pollination is by wind or water 27 (Philbrick & Anderson, 1992) . Reported sporophytic chromosome numbers range from 2n=6 to 28 2n=40, with a putative base number of x=5, a pattern of variation that has invited hypotheses of 29 recurrent polyploidy and aneuploidy (Philbrick & Les, 2000) .
31
The present study focuses on the origin of C. platycarpa Kütz., a tetraploid species with 2n=20 32 chromosomes distributed across north-western Europe (Lansdown, 2008) . Possible progenitors 33 include those diploid European species with 2n=10 chromosomes, of which there are five 34 (Lansdown, 2008) . Three are widely distributed: i) C. cophocarpa Sendtn., from northern and eastern
35
Europe; ii) C. stagnalis Scop., from across the whole of Europe; and iii) C. obtusangula Le Gall, from 36 central and western Europe; and two are much more restricted, chiefly Mediterranean species: iv) C.
37
regis-jubae Schotsman, from Spain, Sardinia and N. Africa; and v) C. lenisulca Clavaud., which occurs 38 as scattered populations chiefly across the northern coast of the Mediterranean.
40
Two competing hypotheses to explain the origin of the tetraploid C. platycarpa have been proposed: 41 i) an autopolyploid origin from C. cophocarpa (Savidge, 1958; Schotsman, 1967) ; and ii) an 42 allopolyploid origin from the hybrid between C. cophocarpa and C. stagnalis (Savidge, 1958 (Savidge, , 1960  43 Martinsson, 1985) . Evidence from DNA amount per chromosome is consistent with either hypothesis and also argues 46 against the involvement of C. obtusangula (Pijnacker & Schotsman, 1988 3) The allozyme complement of C. platycarpa is a summation of that present in C. stagnalis and C.
58
cophocarpa (Bɏczkiewicz et al., 2007 ) and also appears to rule out the involvement of C.
59
obtusangula, the other 2n=10 diploid with a widespread distribtion in western Europe (Demars & 
60
Gornall, 2003).
61
4) The meiotic behaviour of the hybrid C. platycarpa × cophocarpa (2n=15), in which chromosomes 62 form one quadrivalent, three bivalents and five univalents at meiosis, suggests that the genome of 63 C.cophocarpa is homologous to half that of C.platycarpa (Savidge, 1960) . In this explanation of sampling error caused by clonal growth or tetrasomic inheritance can be ruled out. Furthermore the 71 species has a regular meiosis, forming ten bivalents and no multivalents (Savidge, 1958) .
73
The aim of the present study was to conduct genome in-situ hybridisation (GISH) experiments 
79

Materials and Methods 80
Plant material 81
Samples of Callitriche species were collected from the localities listed in Table 1 . Genomic DNA from 82 each of the three diploid species (C. cophocarpa, C. stagnalis and C. obtusangula) was used to probe 83 chromosome spreads of the tetraploid C. platycarpa.
85
Chromosome preparations 86
Young, actively growing root tips 0.5-1 cm long were pre-treated with 0.2 mM 8-hydroxyquinoline at 
106
Labeling System (Invitrogen) as described by the manufacturer.
108
Fluorescent and genomic in situ hybridisation (FISH and GISH) 109
Chromosome preparations were re-fixed in alcohol-acetic acid (3:1), treated with 10mg/ml RNAse 110 and optionally with 5µg/ml pepsin and finally incubated in 4% freshly made or saline buffered 
138
Results
139
Chromosome numbers 140
Chromosome numbers were established from mitotic spreads of the root-tips (Table 1) .
142
GISH experiments
143
Genomic DNA from Callitriche stagnalis consistently hybridised with ten of the twenty chromosomes (Fig. 1) . In contrast, genomic DNA from the other diploid, C. obtusangula, showed very weak and 149 diffuse hybridisation to all chromosomes.
151
Discussion 152
Our GISH experiments strongly suggest that the tetraploid genome of C. platycarpa is a product of 153 genome duplication following interspecific hybridisation, most likely between C. cophocarpa and C.
154
stagnalis. We can rule out the participation of the other common diploid with ten chromosomes, viz. 
162
The only other European candidate parental taxa with 2n=10 chromosomes are C. regis-jubae and C.
163
lenisulca. According to Lansdown (2008) , the former is closely related to C. stagnalis and the latter to 164 C. cophocarpa. We cannot yet rule out their involvement entirely but it seems unlikely given that 165 both are essentially Mediterranean species, neither is particularly common and the evidence 166 outlined in the Introduction does not implicate them.
168
A study of rbcL DNA sequences from Polish material showed that C. platycarpa was similar to C.
169
stagnalis but different from C. cophocarpa which, assuming maternal inheritance of plastid DNA, 170 suggests that C. stagnalis is the female parent (Bɏczkiewicz et al., 2007) in that part of Europe.
171
Whether it is the same in the British Isles remains to be seen: before any conclusions can be drawn 172 about the direction of hybridisation or the number of speciation events, it will be necessary to 173 establish the extent of infra-specific variation in all the taxa. (Schotsman, 1982) . A report of C. cophocarpa × stagnalis (Martinsson, 1991 
